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Introduction
Although the most rapidly growing portion of the United States population is the elderly, they are consistently underrepresented in clinical cancer trials (1) . The incidence of chronic lymphocytic leukemia (CLL) is markedly increased in older people, with a median age at diagnosis of 72 years. In fact, 75% of CLL patients in the United
States are over the age of 65 years and 50% are over the age of 75 years (2) . In contrast, key trials to evaluate the first-line treatment for CLL enrolled patients with a median age between 58 and 66 years (3) . Studies focused on older CLL patients have been limited. For example, whereas first-line fludarabine was shown to be a superior therapy to chlorambucil (4) , its benefit to patients 65 and older was not observed in a recently reported randomized phase III study (5) . The benefit of first-line chemoimmunotherapy with the addition of rituximab has improved outcome of CLL patients but this benefit was less appreciated in patients over the age of 70 (n=30/224) (6) . A phase III clinical trial demonstrated that among 245 patients older than age 65 (n=81 >70), response rate was improved and time to progression was extended in those that received first-line chemoimmunotherapy with rituximab versus those who received front-line chemotherapy, although no significant improvement in overall survival was observed. These older patients had higher incidences of at least one grade 3 or 4 toxicity, notably hematologic toxicity and bacterial infections, when compared with the patients younger than age 65 (7). In the therapy of relapsed CLL, even less is known about the impact of age. However, one study in relapsed CLL with fludarabine, cyclophosphamide, and rituximab (n=177, median age=59 years, range=36-81 years) demonstrated a significant association between younger age and complete response rates indicating less benefit of this treatment regimen in elderly patients (8) .
Collectively, these studies emphasize the importance of considering age and independent assessment of the feasibility of administration of new therapeutic agents in older patients.
Flavopiridol, is a pan cyclin-dependent kinase inhibitor (9) which has demonstrated noteworthy clinical activity in relapsed and refractory CLL patients including those with del(17p13.1) (10, 11) . The common side effects observed with flavopiridol, including hyperacute tumor lysis syndrome (TLS), cytokine release syndrome (CRS), neutropenia, diarrhea and fatigue, are often seen but are manageable. Given the activity of single-agent flavopiridol in relapsed CLL, we sought to determine the feasibility and impact of treating patients aged 70 or older in this setting by retrospectively reviewing outcome of such patients enrolled on 2 clinical trials at our institution.
Design and Methods

Patients and treatment
Patients included in this study were enrolled on two National Cancer Institute (NCI)-sponsored and Ohio State University (OSU) institutional review board (IRB)-approved trials. All patients provided written informed consent. Patient enrollment criteria included: age older than 17 years; diagnosis of CLL, prolymphocytic leukemia arising from CLL, or small lymphocytic lymphoma; Eastern Cooperative Oncology Group (ECOG) performance status of 2 or less; and serum creatinine and total bilirubin levels lower than 2 times the normal value. The combined total of 116 patients was then divided by age into 2 categories (≥70 years and <70 years) for comparison.
Traditionally, most studies define elderly as over the age of 65. However, as mentioned previously, CLL is diagnosed at a median age of 72 years and 50% of CLL patients in the United States are over the age of 75 (2) . Thus, we chose to use 70 as the cut point, better defining the elderly population of CLL patients. The distinct treatment and prophylactic treatment regimens have been summarized previously (10) (11) (12) .
Toxicity and response assessment
Toxicity was assessed by the NCI Common Toxicity Criteria of Adverse Events (version 3) and modified NCI Common Toxicity Criteria guidelines for evaluating hematologic toxicity in leukemia. Patients were assessed for clinical response by the 1996 NCI Working Group response criteria (13) after two, four, and six cycles.
Progression-free survival (PFS) was calculated from the date of registration to time of disease progression or death, whichever occurred first. Patients were censored for PFS at the time last known to be progression-free, next treatment, or stem cell transplantation. Overall survival (OS) was calculated from the date of registration to the date of death, censoring patients alive at last follow-up.
Statistical considerations
The primary aims were to assess differences in pretreatment characteristics, treatment tolerability, and clinical outcome between patients of at least age 70 and younger patients. Associations between age groups and categorical or continuous variables were described using Fisher's exact or Wilcoxon rank sum tests, respectively.
Estimated probabilities of PFS and OS were calculated by the Kaplan-Meier method, and the log-rank test evaluated differences between survival distributions. Logistic regression and proportional hazards models were used to evaluate the impact of age group on response or PFS and OS, respectively, when controlling for variables deemed a priori to be most important; the models were not developed using an automated selection procedure. Hence, all models controlled for treatment dose/schedule and Rai stage, as well as presence of complex karyotype, a variable associated with both increased age and clinical outcome. Statistical significance was set at alpha = 0.05.
Results and Discussion
Patient characteristics
A total of 116 patients were enrolled in the two studies, with a median age of 60 years (range 31-84). Of those, 95 (82%), were younger than age 70 and 21 (18%) were age 70 or older. For most pre-treatment characteristics summarized in Table 1, older and younger patients were not largely different. However, older patients presented more frequently (63% versus 37%, p=0.04) with complex karyotype (three or more cytogenetic aberrations on stimulated metaphase karyotype), and with advanced Rai stage III/IV (95% versus 76%, p=0.07) compared to younger patients. Lastly, the two groups of patients were non-randomly distributed among the treatment doses/schedules of flavopiridol (p=0.05); just over half of younger and older patients received 30+30 mg/m 2 of flavopiridol followed by 30+50 mg/m 2 , whereas a smaller proportion of older patients received this dose with an amended schedule aimed at improving tolerability, and a higher proportion of older patients received either 30+30 mg/m 2 or 40+40 mg/m 2 without the intrapatient dose escalation. However, even with this discrepancy, there was no significant difference in the median number of cycles of flavopiridol received (p=0.69) or the proportion of patients who completed all therapy (p=1.00; Table 1 ).
Toxicity
Common toxicities including TLS, CRS, infection, and hematologic toxicities anemia, neutropenia, and thrombocytopenia were examined between the groups and are summarized in Table 2 . We noted no significant associations between age group and grade of toxicity, with the exception of infection (p=0.03). Only 29% of older patients experienced infection with one grade 5 (patient age=82 years), two grade 3, and three grade 2 infections, as compared with 62% of younger patients.
Response, progression-free survival (PFS), overall survival (OS)
No significant difference was observed in response rates, with 43% of older patients achieving response versus 47% of younger patients (odds ratio=0.8, 95% CI: 
Discussion and Results
Within this report we demonstrate that the cyclin-dependent kinase inhibitor flavopiridol is highly active in the treatment of older CLL patients (≥70 years). We demonstrated no significant difference in toxicity, response, or PFS in older patients compared to younger patients enrolled on two sequential phase I/II flavopiridol trials performed at our institution (10, 11) . Of 27 patients censored for PFS (n=2 aged 70 or older and n=25 younger than 70 years), 7 went off-study to receive transplant and one patient remains progression-free and alive at 2.7 years after going on study (age=39).
The majority of the remainder of the censored patients had stable disease with continued symptoms and went off-study to receive other therapies. With respect to OS, there have been 86 deaths with 30 patients younger than age 70 alive at last follow-up.
Although OS was worse in older patients, older age tended to be associated with adverse risk factors Rai stage III/IV (p=0.07) and complex karyotype (p=0.04). Further, only two of the older patients were treated on the amended dose escalation schema of the phase II clinical trial, where number of weekly treatments per cycle was reduced from four to three and prophylactic dexamethasone was added to improve treatment tolerability and delivery. When controlling for these three factors, older age no longer provided a significant amount of information in explaining survival (p=0.54), albeit the wide confidence interval on the risk of death included hazard ratios as little as 0.7 but as high as 2.1.
The older population is the most rapidly growing population in the United States and the incidence of CLL is markedly increased in these patients (2) with a disproportionate lack of representation of these patients in clinical trials (3) . Given that flavopiridol has demonstrated class-specific dose limiting toxicities of hyperacute TLS and CRS, concern for feasibility in older patients might be raised. However, in this study, the number of flavopiridol cycles received and the proportion of patients who completed all cycles of therapy did not differ between the older and younger patients. In addition, this study noted no significant associations between age group and grade of common toxicities, with the exception of infection (p=0.03), where older patients experienced less infection than younger patients (29% vs. 62%). We considered that older patients may have experienced fewer infections due to the pharmacokinetics (PK) of flavopiridol or its glucuronide metabolite (flavo G) (sample preparation and metabolite quantification previously described (12, 14) ). However, review of the PK data showed no significant differences in PK parameter estimates between the two age groups (data not shown). Thus, it is unclear why older patients had fewer infections with flavopiridol and is currently being investigated at our institution. Nevertheless, these data collectively provide support that flavopiridol can be administered in older patients just as safely as in younger patients.
Other Our retrospective study is also limited by its small number of patients seen at a single institution, precluding the ability to make definitive conclusions from the data. In addition, the enrollment criteria required the patients to have an ECOG performance status of 2 or less, which may add bias by including more fit patients than are seen in the general CLL population. Previous analysis has shown a trend towards inferior survival in non-Hodgkin's lymphoma patients with a higher comorbid disease burden (22). As our study was not designed to determine differences between the older and younger groups, a comorbidity index, such as the Sorror version of the Charlson Index (23), was not calculated as a part of the patients' baseline characteristics. The use of a comorbidity index would be required to provide more information about the safety of flavopiridol administration to patients with a higher comorbid disease burden.
In summary, our study demonstrates that flavopiridol administration to older CLL patients is both feasible and acceptably tolerated relative to younger patients. When controlling for the fact that older patients presented with more aggressive disease, increased age in itself did not appear to be associated with inferior efficacy of flavopiridol. Although our results are based on a relatively small cohort of patients aged 70 and older, there is currently no strong evidence that these older patients cannot tolerate or respond favorably to treatment with flavopiridol. Hence, future development of treatment approaches with both single-agent and combination strategies of flavopiridol should be considered for older CLL patients.
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